E. coli B cells infected with T3 phage contain a modified host RNA polymerase in addition to the normal RNA polymerase found in uninfected cells. The modified RNA polymerase behaves differently in its elution properties from the normal enzyme on DEAE-cellulose, phosphocellulose, and DNA-cellulose column chromatography. The modified enzyme also differs from the normal polymerase in some of its enzymatic parameters. The specific activity of the modified RNA polymerase is markedly lower (i.e., 1/4) than that of the The mechanisms by which an invading virulent virus can arrest the macromolecular synthesis of its host and initiate synthesis of phage-specific proteins are being studied in several phage-infected systems (1-3). We have previously reported the isolation of an inhibitory protein of Escherichia coli RNA polymerase from E. coli B cells infected with T3 phage, which may be responsible for the arrest of host RNA synthesis (4). During that study we observed that the total activity of host RNA polymerase from T3-infected cells freed from the inhibitory protein and nucleases was considerably lower than the activity of RNA polymerase isolated from uninfected cells. We present evidence here that suggests that this decrease in activity is due to a structural modification of the host RNA polymerase, which is accompanied by various alterations in its enzymatic properties.
The mechanisms by which an invading virulent virus can arrest the macromolecular synthesis of its host and initiate synthesis of phage-specific proteins are being studied in several phage-infected systems (1) (2) (3) . We have previously reported the isolation of an inhibitory protein of Escherichia coli RNA polymerase from E. coli B cells infected with T3 phage, which may be responsible for the arrest of host RNA synthesis (4) . During that study we observed that the total activity of host RNA polymerase from T3-infected cells freed from the inhibitory protein and nucleases was considerably lower than the activity of RNA polymerase isolated from uninfected cells. We present evidence here that suggests that this decrease in activity is due to a structural modification of the host RNA polymerase, which is accompanied by various alterations in its enzymatic properties.
METHODS
Preparation of Polymerases from Normal and Infected Cells. RNA polymerase holoenzyme of E. coli B was prepared by the method of Burgess by ammonium sulfate fractionation and DEAE-cellulose chromatography (5) . The enzyme was further purified by chromatography on DNA-cellulose columns (6) , or by high-salt and low-salt glycerol gradient centrifugation (5) and then by DNA-cellulose column chromatography. Core polymerase was prepared from the holoenzyme by chromatography on phosphocellulose (5) .
The modified RNA polymerase was isolated from E. coli B cells infected at 300 with T3 phage at a multiplicity of 5-10 as described (4) . 10 M phosphate buffer (pH 7.2) containing 1% Na dodecyl sulfate, 0.5 M mercaptoethanol, and 10% glycerol, by heating in a boiling-water bath for 10 min. Na dodecyl sulfate-gel electrophoresis was done by published methods (7, 8) . At the end of the run, the gels were stained by Coomassie brilliant blue to detect the protein bands. After they were destained, the gels were cut into 1-mm activity, fraction B, elutes at a higher salt concentration, 0.34 M KCl; when fractions from this peak are chromatographed separately on another DEAE-cellulose column, this activity again elutes at 0.34 M 0KC1. The altered RNA polymerase from T3-infected cells also behaves differently from normal RNA polymerase on phosphocellulose columns (Table 1) . Whereas normal core polymerase can be eluted from phosphocellulose columns at 0.33 M KCl (5), the altered enzyme requires higher salt concentration for its removal. Yet another difference in the chromatographic behavior of the modified RNA polymerase is its requirement of 0.58 M NaCl for elution from DNA-cellulose columns, unlike the normal RNA polymerase, which can be eluted with 0.36 M NaCl. These results suggest that some component of the host RNA polymerase is modified after T3 infection.
Properties of Normal and Modified RNA Polymerase. The fraction that elutes late from DEAE-cellulose columns (i.e., fraction B) free from the normal RNA polymerase was further purified on low-salt and high-salt glycerol gradients or directly on DNA-cellulose columns; its properties were compared with those of normal RNA polymerase. From the rate of RNA synthesis with increasing concentration of enzyme (Fig. 2) , it is clear that the specific activity of the modified enzyme is onefourth that of the normal enzyme. Both enzymes have identical heat stability. They are equally sensitive to rifampicin inhibition when assayed with E. coli DNA, calf-thymus DNA, or T3 DNA templates. They have similar salt optima when assayed with T3 DNA (0.1 M KCl) and E. coli DNA (0.1 and 0.3 M KC1). However, with calf-thymus DNA, modified RNA polymerase has no salt requirement (Fig. 3) , unlike the normal RNA polymerase, which is most active at 0.05 M KCl. When normal RNA polymerase is inhibited 50% by 0.34 M KCl the modified enzyme is inhibited only 15%; and when the former is inhibited 97% by 0.4 M KCl, the activity of the modified enzyme is decreased by only 25%. Both enzymes can use either Mg++ or Mn++, but they require different concentrations for optimal activity. Normal RNA polymerase has a single Mg++ optimum at 8 mM; modified enzyme has two optima, one at 4 mM and the other at 9 mM. Similarly, the former is maximally active with 3 mM Mn++ while the latter enzyme again shows two optima, 2 mM and 6.5 mM. Neither modified core enzyme nor modified holoenzyme inhibits normal RNA polymerase. Modified core enzyme is capable of using normal sigma subunit liberated from normal holoenzyme during RNA synthesis with T2 or T3 DNA templates ( molecular weight of 495,000. Modified core and holoenzymes sediment at 14.5 S and i5.5-16.1 S, respectively. These values represent a molecular weight of 493,000 for modified core enzyme and 587,000 for modified holoenzyme. Compared to their counterparts in uninfected cells, modified core and holoenzymes are heavier by about 95,000 and 98,000 daltons, respectively. These results suggest that the increase in molecular weight is localized in the core moiety of the holopolymerase. This modification can result from (a) rearrangement of the core component to contain two additional -a subunits, or (b) addition of an entirely new polypeptide chain to the normal core enzyme, or (c) a modification of a preexisting subunit(s) to increase the molecular weight of the component(s).
To distinguish between these various possibilities we analyzed the subunit structure of the modified holo-and core polymerases by sodium dodecyl sulfate-acrylamide-gel electrophoresis along with samples of normal holo-and core polymerases. The gels were stained with Coomassie brilliant blue and scanned at 550 nm to determine the relative intensities of the various bands. All samples were judged to be more than 95% pure, and both modified core and holopolymerases differed from their normal counterparts in only the position and relative amount of the (3' subunit in the #'# region. The (3' subunit from the modified RNA polymerase exhibits slower electrophoretic mobility* and greater intensity of staining, indicative of increased molecular weight over normal (3' subunit (Fig. 4) . Comparing the intensity of these bands to the a subunit (39,000 daltons) and assuming a linear relationship between the amount of dye bound and the concentration of protein present, the observed increased intensity in the (3'O region of the modified core is proportional to 89,000 daltons; the corresponding value for modified holoenzyme is 79,000 daltons. Further evidence for modification in the (' subunit was obtained by labeling RNA polymerase during T3 phage infec- Holoenzyme (2 jg) was incubated for 1 min at 370 to complete initiation and release of the sigma factor. Modified core enzyme (10 ,ug) was then added and incubation was continued for 10 min. Control tube with holoehzyme was incubated for 11 min (A); control tube with modified core enzyme was incubated for 10 min (B) . The values are expressed as cpm of [14C]GMP incorporated into trichloroacetic acid-insoluble material. % Stimulation is defined as the difference in the activity of combined enzymes (line 3) and that of normal holoenzyme alone (line 1) compared to that of core enzyme alone (line 2). 4 . Na dodecyl sulfate-5% polyacrylamide-gel electrophoretogram of ,x' and fi subunits of normal (A) and modified holopolymerases (B). 20 ,Ag of each polymerase purified on a DNA-cellulose column was analyzed by published methods (7, 8 
